Introduction
Hepatic resection has played a leading role in the treatment of malignant liver tumours, including hepatocellular carcinoma (HCC) and liver metastases from colorectal carcinoma (CRCLM). However, hepatic resection is an invasive operation that can cause severe physiological stress responses and postoperative complications, such as surgical site infection (SSI), bile leakage, or liver dysfunction. Despite recent technical progress [1, 2] and advances in perioperative management of liver surgery, postoperative infection is still one of the most common complications, with a reported incidence of about 2.1-14.5% [3] [4] [5] . Interestingly, the incidence of this complication has not changed much during the past decade, despite decreased morbidity and mortality rates after hepatic resection [6] [7] [8] . The prevention of SSIs is very important because they extend hospital stays and increase medical expenses following hepatic surgery. However, an SSI is a postoperative complication that occurs frequently after gastrointestinal surgery, including hepato-biliary surgery.
To the best of our knowledge, some studies have focused on identifying risk factors for incisional SSIs in superficial and deep regions of the abdominal wall after hepatic resection [9] [10] [11] . Although some risk factors for incisional SSIs have been identified, the relevance of these factors varies among studies.
The purpose of this retrospective study was to clarify the importance of wound closure technique as one of the perioperative risk factors for postoperative incisional SSI after elective hepatic resection in patients with liver tumours at a single institution.
Material and methods

Patient population and selection
From January 17, 2001 to December 18, 2017 a total of 1180 patients underwent curative open hepatic resection for liver tumours at Osaka Medical College Hospital in Takatsuki City, Japan. All patients were fully informed of the study design according to the Ethics Committee on Clinical Investigation of Osaka Medical College Hospital (No. 1029) and provided written, informed consent. Patients with an associated biliary-enteric anastomosis and gastrointestinal procedures were excluded from the study. All patient characteristics had been collected prospectively in a database. Missing data were obtained by reviewing patient files.
The preoperative workup consisted of a specified protocol, including blood examinations, abdominal ultrasound, angio-computed tomography (CT) scan, and magnetic resonance imaging (MRI). Evaluation of hepatic function was performed using the Child-Pugh classification [12] of liver dysfunction. Patients with complicated cirrhosis (Child-Pugh class C) or an American Society of Anaesthesiology (ASA) classification greater than 4 would not be appropriate for liver resection.
Demographic and clinical variables were recorded on admission. The data for the 368 hepatic resection patients included age, sex, body mass index (BMI), disease, viral infection status, history of previous operations, type of operation, and administration of perioperative antibiotics. Serum total bilirubin, albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), platelet count, prothrombin time (PT), and indocyanine green retention rate at 15 min (ICG-R15) were measured at the Central Laboratory of our hospital.
Surgical and pathological factors
The surgical factors assessed included surgical duration, intraoperative blood loss, blood transfusion requirement, repeat operation, operative method, type and method of hepatic resection, abdominal drain insertion, and wound closure technique. Pathological factors evaluated intra-and postoperatively included number of tumours, size of the largest tumour, and background liver histology.
Surgical procedure
The indications for surgical resection were in accordance with the criteria of Makuuchi et al. [13] . Details of the surgical technique routinely used in our department have been described in previous reports [14] [15] [16] . The rectus sheath was closed with synthetic absorbable braided sutures (Vicryl No. 1; Ethicon, Tokyo, Japan). The skin was irrigated with approximately 500 ml of warm saline. From 2001 to 2011, skin was stitched with vertical mattress sutures using 2-0 monofilament non-absorbable suture (polyamide; Nylon, Ethicon, Tokyo, Japan). From 2012 to 2017 skin was stitched with subcuticular continuous spiral stitches using 4-0 monofilament absorbable suture (polydioxanone; PDS-II, Ethicon, Tokyo, Japan). The wound was covered for 72 h postoperatively by Opsite Post-Op Visible (Smith & Nephew Medical Limited, Tokyo, Japan).
Antibiotics were injected intravenously (IV) within 30 min prior to skin incision. In patients who underwent operations that lasted longer than three hours, additional antimicrobial agents were intravenously injected every three hours, as recommended by the Centres for Disease Control and Prevention (CDC) guidelines [17] . Postoperative antibiotics were administered for 48 hours intravenously. Appropriate oral intake was resumed on postoperative day 2. All patients were followed for at least 30 days after surgery to monitor for the development of SSIs or other postoperative complications.
Definitions
SSIs were defined according to the CDC's National Nosocomial Infection Surveillance (NNIS) system [17] . Using these criteria, SSIs are classified as being either incisional (superficial or deep) or organ/space. Criteria for a superficial incisional SSI included an infection occurring at the incision site within 30 days after surgery, which involved only the skin and subcutaneous tissue and at least one of the following: pus discharge from the incision; bacteria isolated from a sample culture from the superficial incision; localised pain, tenderness, swelling, redness, or heat; or wound dehiscence. Criteria for a deep incisional SSI included an infection of the fascia or muscle related to the surgical procedure occurring within 30 days of surgery and at least one of the following: pus drainage from the deep incision; spontaneous dehiscence of the incision; or deliberate opening of the incision when the patient had the previously described signs and symptoms of infection. Each SSI was diagnosed and confirmed by a surgeon other than the patient's primary surgeon or by the institution's infection control team.
Complications were classified according to the Clavien-Dindo classification of surgical complications [18, 19] . All patients who underwent hepatic resection were monitored for the assessment of pain. A visual analogue scale (VAS; 0-100) and analgesic use were used for pain assessment 1, 2, 4, and 7 days after surgery.
Operative procedures were classified according to conventional terminology derived from the eight segments of the liver, as suggested by Couinaud [20] . Anatomic resection was defined as resection of the neoplasm together with the portal vein related to the neoplasm and the corresponding hepatic territory. Non-anatomic resection was defined as resection of a lesion without regard to segmental, sectional, or lobar anatomy.
Statistical analysis
To minimise the influence of potential confounders on selection bias, propensity scores were generated by using binary logistic regression. Independent variables entered into the propensity model included preoperative information. One-to-one matching between groups was accomplished by using the nearest-neighbour matching method. This matching was performed without replacement and by using a calliper width of 0.2 standard deviations of the logit of the estimated propensity score. After propensity score matching analysis (PSM), the two matched groups were handled as unpaired independent groups. Continuous variables were expressed as medians ±standard deviation. Univariate analyses were compared by the Student's t-test and χ 2 test, Mann-Whitney's U test, Wilcoxon signed-rank test, or Fisher's exact test, as appropriate. Multivariate analyses were performed by Cox proportional hazards regression. Values of p < 0.05 were considered significant. All statistical analyses were performed using JMP version 12.
Results
Background data of patients who underwent hepatic resection
Data from 1180 hepatic resection patients (777 men, 403 women; median age 68 years, range 0-89 years) without biliary-enteric anastomoses and gastrointestinal procedures were analysed. Patient demographics, tumour characteristics, the type of hepatic resection performed, intraoperative factors, and short-term outcome following hepatic resection were summarised. The median BMI was 22.4 (range, 15.1-36.2) kg/m 2 . The predominant cause for chronic liver disease was related to chronic hepatitis B or C infection, and 535 (45.3%) patients were found to have positive serology for hepatitis B surface antigen or hepatitis C virus (HCV) antibody. A total of 582 patients had HCC (49.3%), 405 patients had metastatic liver tumours from colorectal cancer (34.3%), and 193 patients had other liver tumours (16.4%). Patients were enrolled between January 2001 and December 2017 and divided into two groups: subcuticular suture group (n = 577) and mattress suture group (n = 603) ( Table 1) . HCC and Child-Pugh classification B were more common on histology and laboratory data in the mattress suture group than in the subcuticular suture group (p = 0.001 and < 0.001). The operative time, blood loss, intraoperative abdominal drainage, and duration of antibiotics were more frequent and thus longer in the subcuticular suture group (p < 0.001, < 0.001, < 0.001, and < 0.001, respectively). The VAS scores at 1, 2, 4, and 7 days after surgery were 42, 37, 20, and 3, and differences between groups were not significant (p = 0.886, 0.261, 0.438, and 0.362, respectively). There was also no significant difference in the use of additional analgesia between groups (p = 0.542, 0.984, 0.158, and 0.156, respectively).
The median follow-up period of all patients was 21 months (range, 0-194 months). Overall, superficial, and deep incisional SSIs after hepatic resection occurred in 84 of 1180 patients (7.1%), and 1096 (92.9%) patients had no SSIs after hepatic resection. A superficial incisional SSI was found in 84 patients (7.1%), and a deep incisional SSI was found in 18 patients (1.5%).
Propensity score matching
By propensity score matching (PSM), 121 of the 577 subcuticular suture group patients could be matched with 121 of the 603 mattress suture group patients. The baseline characteristics of the matched study population (242 patients) are summarised in Table 1 . There were no significant differences in the demographic or operative characteristics between the groups. The number and size of the tumours were similar between the groups, which could be treated by either subcuticular suture or mattress suture.
Incidence of superficial and deep incisional SSIs after hepatic resection
The subcuticular suture group had a 22.4% complication rate, while the mattress suture group had a complication rate of 23.7%, although this difference was not significant (p = 0.847). Early-stage complications following surgical treatment, including the incidences of SSIs within 30 days of surgery, are compared in Table 2 . For patients with subcuticular suture or mattress suture, hospital mortality rates were 2.5% and 0.8%, respectively (p = 0.313). The incidence of superficial incisional SSIs was significantly lower in the subcuticular suture group (3.3%) than in the mattress suture group (10.7%) (p = 0.024). The incidence of deep incisional and space/organ SSIs was no different between the two groups (p = 0.317 and 0.734, respectively). Bacterial cultures from superficial and deep incisional SSIs in the subcuticular suture group identified Enterococcus spp. in two cases, Staphylococcus spp. in one, and Streptococcus spp. in one. Cultures in the mattress suture group identified Staphylococcus spp. in eight cases, 
CNS -coagulase-negative staphylococci; MSSA -methicillin-sensitive staphylococcus aureus; MRSA -methicillin-resistant staphylococcus aureus; ABPCampicillin; CMZ -cefmetazole; IPM -imipenem; MINO -minocycline; CLDM -clindamycin; LVFX -levofloxacin; VCM -vancomycin; S -sensitive; R -resistant
Enterococcus spp. in two, Enterobacter spp. in one, Streptococcus spp. in one, methicillin-resistant S. aureus in one, and Pseudomonas aeruginosa in one. Normal skin bacteria were found in 10 (58.8%) of 17 cases (Table 3 ).
In patients with subcuticular suture, the median duration of postoperative hospital stay was 12 days (range, 5-124 days), in comparison with patients with mattress suture, in whom it was 14 days (range, 5-172 days). Thus, postoperative hospital stay was no different between the two groups (p = 0.467). However, the median duration of postoperative hospital stay was 27 days (range, 14-172 days) for postoperative incisional SSI cases, and 13 days (range, 5-124 days) for cases without a postoperative incisional SSI (p < 0.001). The subcuticular suture group had a mortality rate of 2.5%, while the OH group had a mortality rate of 0.8%, although this difference was not significant (p = 0.313). These four patients (1.7 %) died due to posthepatectomy liver failure without incisional SSIs.
Risk factors for postoperative superficial incisional SSIs after hepatic resection
Perioperative factors were compared between patients with and without postoperative superficial incisional SSIs. Thirty-five factors were examined, including patient factors, tumour factors, and operative factors.
Of the factors analysed, operative time (p = 0.017) and wound closure technique (p = 0.039) were found to be significant risk factors for postoperative incisional SSIs.
The duration of surgery was significantly longer in patients with incisional SSIs than in those without (298 ±133 vs. 256 ±113 min, respectively; p = 0.022). Receiver-operator characteristic (ROC) curve analysis indicated that the optimal cut-off value for operative time was 295.0 min, yielding 87.5% sensitivity and 66.1% specificity for the occurrence of incisional SSIs.
Multivariate analysis demonstrated that wound closure with interrupted stitches using nylon (p = 0.038; odds ratio [OR] 3.157; 95% confidence interval [CI] 1.060-11.582) and operative time ≥ 300 min (p = 0.267; OR 1.794; 95% CI 0.631-5.097) were independent risk factors for the occurrence of postoperative incisional SSIs (Table 4) .
Postoperative laboratory data with superficial and deep incisional SSIs after hepatic resection
Postoperative serum AST and ALT levels peaked on day 1 and had almost normalised by day 7. Although serum total bilirubin and prothrombin time peaked on day 1, they remained within the normal ranges in both groups. Postoperative serum white blood cell (WBC) counts (Fig. 1A) and C-reactive protein (CRP) levels (Fig. 1B ) peaked on day 2 and then gradually normalised. However, CRP levels of patients with incisional SSIs, in all postoperative courses after postoperative day 4, were significantly higher than those of patients without incisional SSIs. CRP levels on postoperative day 4 were significantly higher in patients with incisional SSIs than in those without (9.7 ±5.6 vs. 6.7 ±0.4 mg/dl, respectively; p < 0.001). ROC curve analysis indicated that the optimal cutoff for CRP levels was 15.0 mg/dl, yielding 41.7% sensitivity and 94.0% specificity for the occurrence of incisional SSIs.
Discussion
In the surgery, the result of wound suture is one of the most important results. All surgeons want cosmetically acceptable wound scars along with optimal healing, and all patients also expect similar results. However, the incidence of SSIs following surgical treatment for liver cancer is rela- tively high. An incisional SSI is not a critical complication by itself, but the occurrence of an SSI can prolong postoperative hospital stays and increase medical expenses.
Therefore, this study retrospectively compared the effectiveness of subcuticular suture and mattress suture in hepatic resections from the perspective of the short-term outcome at a single institution. This comparative study using PSM analysis, although retrospective, confirmed that the subcuticular suture is an effective therapeutic option with a lower incidence rate of superficial incisional SSIs than that of the mattress suture. In this study, the patient characteristics of the subcuticular and mattress suture groups were quite similar by PSM analyses even though it was not a randomised, controlled trial and the number of patients was small. Although the small number of patients in each arm of our study and the retrospective nature of the control group makes the chance of a statistical error possible, the conclusions seem reliable. The potential historical bias is reduced by the design of the study resulting in the subcuticular suture group that was well matched with the mattress suture group for all demographic data. The preoperative management of patients was also similar in the two groups.
In the present study, multivariate analysis showed that wound closure technique was associated with postoperative superficial incisional SSIs. Interestingly, there was no preoperative laboratory factor, and only one operative factor found to be significantly associated with superficial incisional SSIs. Operative time was also associated in univariate analysis. Some investigators have addressed the relationship between operative time and incisional SSIs in a wide range of surgical procedures in general surgery [21, 22] . Surgical stress, such as prolonged operative time, impairs remnant liver function. Postoperative liver dysfunction may cause immune dysfunction and affect the development of incisional SSIs. A long operation also exposes the incision to desiccation, which may increase the likelihood of incisional contamination.
The only risk factor observed in the present multivariate analysis was wound closure technique. Traditionally, the suture material used commonly in wound closure was a vertical mattress suture using non-absorbable nylon because of its non-infection, inertness, and ease of use [23] . Recently, subcuticular suture has been reported to be highly effective for preventing incisional SSIs, especially in gynaecological surgery, without the need to remove the stiches [24] .
For normal wound healing, there are various important factors. First, appropriate wound suture can join each layer of the separated wound edges, support reconstruction, and promote normal wound healing. However, inappropriate suture results in introversion of the wound edge and dead space between the separated wound edges. Fluid collection in the dead space may progress to a focus of wound infection and develop superficial and deep incisional SSIs. Moreover, the infection barrier of the epidermis is broken by wound sutures through the epidermis from outside, such as mattress sutures and staples. The bacteria may pass through the needle hole from outside and contaminate the wound. Therefore, subcuticular suture is theoretically more appropriate than mattress suture. In fact, normal skin bacteria accounted for more than half of the isolates from infected wounds in this study. Therefore, reducing contamination by these bacteria is important. Second, the blood circulation of the epidermis plays important roles. Perforating branches of the epidermis run horizontally. When the separated wound edges are sutured, these perforating branches should be preserved to prevent tissue ischaemia. Therefore, subcuticular suture should performed vertically or spirally. Finally, in regards to whether subcuticular suture should be interrupted or continuous, there are few recent articles describing subcuticular suture in detail, and this remains controversial [25] . However, the continuous method of closure has some advantages, namely quick closure with a smaller number of knots, thereby lessening the chances of sinus formation. Therefore, since 2012 we have closed with a subcuticular spiral continuous suture procedure using 4-0 monofilament absorbable suture. We found that wound closure technique with subcuticular continuous spiral suture using 4-0 monofilament absorbable suture was more effective than interrupted mattress suture using 2-0 monofilament nonabsorbable suture.
Incisional SSIs were also evaluated using the postoperative laboratory data because they are related to the postoperative clinical course. Postoperative laboratory data are believed to predict postoperative morbidity by quantifying the patient's inflammatory response. Only CRP levels after postoperative day 4 were found to be significantly associated with the occurrence of superficial and deep incisional SSIs. CRP levels were associated in a subgroup analysis likewise. In other words, incisional SSIs should be carefully checked when CRP levels on postoperative day 4 are > 15.0 mg/dl. The wound was covered for three postoperative days and uncovered on postoperative day 4. The wound was then checked for evidence of infection, such as pus discharge from the incision, localised pain, tenderness, swelling, or redness.
Conclusions
Wound closure technique with subcuticular continuous spiral suture using absorbable suture should be considered to minimise the incidence of superficial incisional SSIs following surgery for malignant liver tumours. Moreover, the wound should be carefully checked when CRP levels are high on postoperative day 4.
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